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RESEARCH MEMORANDUM

STATIC STABILITY AND CONTROL OF CANARD CONFIGURATIONS
AT MACH NUMBERS FROM 0.70 TO 2.22 - LONGITUDINAL
CHARACTERISTICS OF A TRTANGULAR
WING AND UNSWEPT CANARD

By Victor L. Peterson and Gene P, Menees
SUMMARY

The results of an investigation of the static longltudinal stabllity
and control characteristics of & canard airplane configuration are pre-
sented without analysis for the Mach number range from 0.70 to 2.22.

The configuration consisted of an aspect ratio 2.0 triangular wing, an
aspect ratio 3.0 unswept canard, a low aspect ratio vertical tail, and a
Sears-Haack body. The hinge line of the canard was In the extended chord
plane of the wing, 1.15 wing mean aerodynsmic chords ashead of the refer-
ence center of moments. The ratio of the ares of the exposed canard
penels to the total area of the wing was 8.1 percent. Data are presented
for various combinations of the canard, wing, and vertical tail for an
angle~of-attack range from -6° to +18°. The canard deflection angles
ranged from 0° to +20°.

INTRODUCTTION

The possible gains to be realized at supersonic speeds in the form
of reduced trim drag and increassed maneuvergbillity by the use of canards
rather than conventional tail-aft controls have resulted in increased
interest in these arrangements. Therefore, an extensive research prograsm
aimed at determining the static longltudinal and directional charscter-
istics of a number of canard configurations has been undertaken by the
NACA.

A part of the progrem conducted at the Ames Aeronsutical Leboratory
was directed at determining the effects of canard plan form. Thils report
is one of a series pertaining to the program and presents without ansly-
s8is the longitudinal characte -tics of one complete configuration and
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its component parts. This conflgurastion, which differed from that of
reference 1 only in the canard Plan form, consisted of an aspect ratio 2.0
triangulsr wing, an aspect ratic 3.0 unswept canard, a low aspect ratio
vertical tail, and a Sears-Haack body. ' '

The longitudinal stebility and control characteristics for a similar
configuretion with an aspect ratio 2,0 triangular canerd are presented in
reference 1., Results from snother phase of the investigation are reported
in reference 2.

NOTATION
a.c. aerodynamic center determined at Cp = O, percent C
c mean aerodynemic chord of wing, £t
Ce canard root chord, ft
Cp drag coefficient, S
CDo drag coefficlent at zero 1lift
Cy, lift coefficient, 1if%
CL@ lift-curve slope taken through zerc angle of attack, per deg
Cn pltching-moment coefficlent, pitching moment, referred to the

gsSe

projection of the 0,15¢ point on the fuselage reference line
(Center of moments for data in ref, 1 was obtalned by projection
of the 0,218 point on fuselage reference line.)

Cn canard hinge-moment coefficient, S208rd hinge moment = .operyeq
¢ aSc(ce/2)

to the projection of the 0.50ce point on the fuselage
reference line

rd canard normal force
2

CZc force coefficient normal to cana S
Q

<%¢ maximm 11ft-drag ratio

M free-stream Mach nunber

Q ' free-stream dynamlc pressure; -1b/sq £t
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S wing area formed by extending the leading and trailing edges
to the plane of symmetry, sq £t

Se canard exposed area, sq ft

o angle of attack of wing root chord, deg

aengle of deflection of the canard with respect to the extended
wing chord plane, positlve when trailing edge is down, deg

Configurations are denoted by the following letters used in
conbination:

B body

c canard

v vertical tail
W wing

APPARATUS AND MODEL

Test Facility

The experimental data were obtalned in the Ames 6- by 6-foot
supersonic wind tunnel which 1s a closed-circuit variable-pressure type
with a Mach number range continuous from 0.70 to 2.22, A recent modi-
fication involved perforsting the test-section floor and celling and
edding a boundery-layer removel system to enable uniform flow to be
meintained at transonic and low supersonlc speeds. At the same time
injector flaps were installed downstream of the test sectlon to extend
the upper Mach number limit by reducing the required compression ratio
across the nozzle and by better matching the weight flow characteristics
of the nozzle with those of the compressor.

Analysis of the resulits of an extensive survey of the modified
wind-tunnel characteristics, although incomplete, is sufficiently com-
plete to establish the validity of the results of the present investigation.

Descriptlion of Model and Balances

The sting-mounted model consisted of an aspect ratio 2.0 triangular
wing, an aspect ratioc 3.0 unswept canard, and s low aspect ratio vertical
tail, 8ll mounted on & fineness ratio 12.5 Sears-Haack body. A dimensional
sketch of the model is shown in figure 1(a). The wing and vertical tail
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had NACA 0003-63 sectlons streanmwise end the constent thickness canard,
detalled in figure 1(b), had beveled leading and tralling edges, The
canard, which was pivoted about the 0,50 canard root chord, was mounted
in the extended wing chord plane 1.15 wing mean aerodynamlc chords shead
of the reference center of moments (0.158). The ratlo of the area of
the exposed canard panels to the total area of the wing was 8.1 percent
and the ratio of the total areas was 11.5 percent. The wing, canard,
and vertlcal tail were of solid steel construction to minimize aercelas~
tilc effects. The surfaces were. polished to give a smooth surface and
further treated to prevent corrosion,

The fuselage was cut off as shown in figure 1(a) to accommodate the
sting and the six-component strain-gage balance which measured forces
and moments on the entire configuration. Canard normal forces and hinge
moments were obtalned from a two-component strain-gage balance mounted
in the nose of the fuselage. The canard, wing, and vertlcal tell were
removable, enabling datas to be taken which would permit an evaluation of
the contribution of each of the component parts of the model and the
Interference between parts.

TEST AND PROCEDURES

Range of Test Varigbles

Mg.ch numbers of 0,70, 0.90, 1,00, 1.10, 1,30, 1.70, and 2,22 were
covered in the investigation. The test Reynolds number based on the
wing mean aerodynamic chord was 1.84 million at Mach numbers of 1.00 and
1.10, and 3.68 million at all other Mach numbers. The smaller Reynolds
number at transonic speeds was necessary because of model structursl
limitations. '

At the relstively low Reynolds numbers at which most wind tunnels
operate, extensive regions of laminar flow can exist on models at zero
lift., At lifting conditions the transition points on the model surfaces
usually move forward, thus causing a change in friction drag with chang-
ing lift coefficient which is difflcult to evaluate and, moreover, not
necessarily representative of full scale. In order to induce transition
gt fixed locations on the component parts, a 0.0l0-inch-diameter wire
was placed on the wilng and 0.005-inch-diameter wires were affixed to the
canard and vertical tell in the locations shown in figure 1(a). VWhen
the model was tested with the canard off, a 0,010-Inch-diameter wire was
located on the body b4 inches from the nose. The wire sizes were selected
on the basis of the results of reference 3. Although there is no conclu-
sive evidence as to the magnitude of the form drag increment contributed
by the transition wires, previous studies have indicated thia increment
to be not more than 0.0010. All of the data presented herein are for
transition-fixed conditions.

eniGSET .
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Reduction of Data

The date presented herein have been reduced to standard FNACA
coefficient form. The moment center for date presented herein was chosen
so that the minimm static margin in the range of trim 1ift coefficients
between O and 0.5 throughout the Mach number range investigated was
0.03¢; the resulting moment center was at the 0.15 point of the wing mean
aerodynamic chord.l The canard hinge moments were computed gbout a hinge
line located at the 0.50 point of the canard root chord. Factors which
affect the accuracy of the results are discussed in the following
paragraphs.

Stream variations.- Surveys of the stream characteristics of the
Ames 6- by 6-foot supersonic wind tumnel showed that in the region of
the test section, essentially no stream curvature existed in the pitch
plane of the model and that axisl statlic-pressure variations were usually
less than *1 percent of the dynamic pressure. This static-pressure var-
iation resulted in negligible longitudinal-buoyancy corrections to the
drag of this model. Therefore, no corrections for stream curvature or
static-pressure variatlon were made in the present investigation.

From a test of the model in the normal and inverted sttitudes, a
stream angle, which was less than +0.30° throughout the Mach number range,
was found to exist in the pitch plane. The data presented herein have
been corrected for these stream angles which correlated closely with
those obtalned from & cone survey.

Support interference.- The effects of model support interference on
the aerodynamic characteristics were considered to consist primarily of
& change in the pressure at the base of the model. However, the drag
data presented herein contain no base drag component since the base pres-
sure was measured and the drag was adjusted to correspond to that in
which the base pressure is equal to the free-stream static pressure;
therefore, no corrections were made to take into asccount support
interference,

Tunnel -well interference.- The effectiveness of the perforastions in
the wind-tunnel test section in preventing choking and gbsorbing reflected
disturbances at transonic and low supersonic speeds has been established
experimentally. Unpublished date from the wind-tunnel calibration indi-
cate that relisble data can be obtained throughout the Mach number range
if certain restrictions are imposed on the model size and attitude. The
configurations and methods of testing used in the present investigstion

1A similar stebllity criterion was used to select the center of
moments for the data presented in reference 1; the resulting center of
moments wasg, however, at the 0.21 point of the wing mean aerodynamic
chord. -

wOSNERRNGhi
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conform to these restrictions so that data st transonic and low supersonlc
speeds are reasonebly free of interference effects, Thus, no corrections
for wall interference have been made,

RESULTS

The results are presented in this report without analysis in order
to expedite publication. All of the experimental dats are tabulated in
tables I and IT. Selected portions of the data are presented in figures 2
through 4. Lift, drag, and pitching-moment characteristics are presented
in figure 2 for several test Mach numbers for the canard on and off. Fig-
ure 3 shows the varilatlons of canard normal forces and hinge moments as a
function of angle of attack at constant canard deflection angles. Summa-
rized in figure 4 are the lift-curve slopes, maximum 1lift-drag ratios,
minimum drag coefflclents, and serodynamic centers as a function of Mach
nunber for the canard on at zero deflection and for the canard off.

Ames Aercnsutical Laboratory
National Advisory Committee for Aeronautics
Moffett Field, Calif., Nov. 26, 1957
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TABLE I,- AFRODYNAMIC CHARACTERISTICS WITH THE WING ON

(a) BW
M| 2)C | O | Cn M| g2l o | e | Ca Mgl | @ | Ca M| gl o [ oo | ca
deg deg deg deg
0.70|-6.% }-0.311(0.040%|0.0792 || 1.00|-5.8]-0.347|0.048310.1233 || 1.30|-6.0|-0.201 |0.0418/0.1070 || 2.22]-5.9 [-0.185]0.0308 j0.062k4
b2 |-,196( .0214{ .0507 -3.8] -.222| ,0295( .0807 -4.0] ~.189 | .025k| .069L -3.6 | -.114} .0191| .0383
-2,2 | -.101| .0130| .0268 -1.8] -.109| ,017k%| .0409 -2.0| ~-.093 | .0169| .038k4 «L.7| -.057} .0139| .0200
-.71{-.039} .0107| .OL3L -.3| ~.03L( .o149| .0156 -5| -.026 | 01k5] .0102 -3 -.013! .0124] .0060
-.2 | -.018| .0104| .0080 .2| ~.007| .015L4| .0060 o | -.005| .0139| .0038 .2| .003| .01231 .0009
4| ,ook| .0103( .o0kL 1 -024 L0155 |-.0036 61 .019 | .01h5]-, 00k 8| .022| .0126|~.0046
1.9 .066| .0113 ~.011k 2.2 .104 .0178]-.0299 2,1| .087| .0167|-.0286 2.2} .068| .01k5 {-.0204
3.9 ] .164| .0183|-.0356 k2] .222( ,0288)-,0710 h,o0f .18L | .0246|. 0617 k.2} .129] .0207 |-.0407
5.8 | .260| .0317}-.059L 6.3] .345( .ohgo[-.1131 6.0 .278 1 .0399|-.0951 6.2| .187 .ogog -.0590
7.8 .0538]-.0858 8.2{ .19 .0768|-.1503 8.0 374 | .0620(.,1286 8.3| .2i4| .oks3 [~.0TTh
9,8 | 48| .08k~ 1107 10.3| .580( .1153|-.1891 10.0| .b70 | .0910|-.1625 20.2( .300| .0629 |-.09%5
11.7| .588] .1210]-.1379 12.2| .686| .1585 |~.2228 12.0| 562 | .126k]-.1952 12,3 .357} .0862 |-.1116
13.8 | .702| ,1681|-,166h 1h.2| .792| .2089 |-.2592 .1 650 | .167T7]-.2273 k.2| ool 1115 |-.1260
15.8 <20251.,1897 16.3} 897/ .270k |-.2966 16.1] .73 | .2Lh6)-.2565 16.2 [ .465] .1ha6 |-.1hok
17.8 | .919| .2862|-,21k6 18.2) .990| .3326|-.3296 18.1} .809 | .2660|-.2808 18.3| 519 .1777 -.1559
0.90|-6.0 | ~»324| OMLIf 0725 (| 1.10]{-6.0] -.334| .ok8k| .1232 || 1.70|-6.3] -.239 | .0376| .08MT
~3.9 | -.202] .0221] ,0578 4,00 ~.215| .0204| ,0824 “h,1{ -.160 | .0238| .0568
-1.9 | -.098} .01251 .0312 -2,0| ~.106| .019%4| .ok2t -2.2| -.08% | .0163| .0309
-.6|-.037] .0110| .0138 =4[ ~.027] 01262 0162 ~.7| -.03L | .0140{ .0122
0 |[|-.012] .0107 .0078 .L| ~.004| .0160| .0082 -.1] -.010 { .0136] ,00%0
.6| .010] .0107| .0026 6| .o24| .0163|-.0026 A Lo12 | .o137(-.0009
2.0 | .OTT{ .0120}-.0162 2.1 .102| ,0186|-.0291 1..8| .065 | .0152(-.0203
ol . .0200 -, 0448 b .2k .o279|-.0M2 3.8 143 [ .0215)-.0472
6.0 | .291| .0370|-.0762 6.1 .330] .ou69|-.1133 5.8 .216| .0327]-.0720
7.9 1 .4o0| .0620|-.1105 8.1] .h46| .0723|-.1532 7.8 .290( .0493]-.0973
10.0 | 5401 .0992(-.1518 10,1 .54k .10k3(-~.1821 9.8( .362| .0721[-,1215
12.0 | .661| .1434|-.1890 12,1 .636| .1449|-.2170 11.8| .h30 .0988-11+5E
1.0 .789| .1983]-.2356 W) .739| .2934-.2573 13.9| .99 | .1299
16.0 | +913| 2627|2814 16,1] .838| .2506|-.2933 15.9 5651 .1666(-.1890
18.1{ .924 .3105|-.3227 7.9 . -2063 |-.2068

92iLGY W VOVN




TABLE I,- AFRODYNAMIC CHARACTERISTTICS WITH THE WING ON - Continued
(b) BVWC; & = 0.3°

NACA RM AS57K26

Ee

@y
deg

0.70

C.90

1.00]

1 0+ 0

O D0 OO W o P

L& Evavwr

I
1 O

OCOKFQOOOQOOMNOVON

H b
BOERE wonem

1 FWw\n

k)'l-‘
OARAFDOmOFTN

I 1 1
BEoowp, 1hFh BoHF
HFOHOOOH®PORFHOF WRHPOWHWWN OFOT® M

'J
(I)O\FR;OCDO\UJM

ey

..E.

1428
679
801
92
1.045
=.352
=227
~.115

-, 03k
«023

220
353
h66

587
+TOh
808
.906
1.009

-.342
-.231
-.120
-.0k0

.013

«317
-1‘.3‘0
559
760
842
.923

~5.8
~h.0
=l.9

-5

a
=\

e & a
[eN\YoNoNaNahVol o

1
1 0 EON

b :Ggﬁmﬂuww

T
QFPD, POy <
FLLOPOHOL mb®mn 00 Hm®O0 oo ®PPW

BI—‘
[o- Yo, ¥ - .OCOO\-F'I\')

e

0224
.0330

.0919
1197
1526
.1889

LOh11
082
.0553

0622




NACA RM ASTK26 NIRRT g

TABLE I.-~ AERODYNAMTC CHARACTERISTICS WITH THE WING ON - Continued
(c) BVWC; & = L, 7°

@, C C: Ly C;
M| deg Cr, Cp Cn Ze he K| son Cr, Cp Cn C2e he
0.70{=6.2 [=0.321 {0.0407|0.,0655 | =0.0142 {=0.0¥36 i 1.30{=6.01-0.291]0.0435(0,0866{~0.012k |=0.010T
-2,2| -.208{ .o1k7! .okk6{ .0097| .OU23 1,9 -.201| .0206| .05%6| .0121| .0251
-2 -.020] .0123] .0390| .0225: .0930 1| -.013] .0188| .oh12| .o2k9] .0380L
5.8| .265] .0391| .0221| .0348] .12k7 1.9] .066] .0221; 0311 .0358| .
1.7] <059 .0147} .038| .,0584] .1218 6.0 .265] .ok76|-.0024] . 0616
9.8] J490] .09k6{-.0292| .0596] .OTLT 10.1| Jb72] .1034|-.040T| .O78S| .
13.8] 735| .1819|-.0746| .063%| .0687 .0 . 184 |-.0769| .0954| L0587
17.9| 942} .3067|-.1112] OT27| .0706 18,1 .832| .28711|-.1036| .1075| .0528
0.90({-6.0( -.335| .0k26] .0814| -.01k0]| ~.0342 || 1.70|-6.2] -.241; .0385| .OT12( -. 0018
-1.9{ -.106| .0150{ .okgg{ .q122| .060L ~2,2] -,088| .0193| .O¥79| .0100! .0132
1} -.013} .0229| JOM2| .0269] .2i9% -2} =007} .0LT5] .0365| .0196] .0087
2,0} .075} .016L] .0452] .0k35; .1519 1.8 .056] .0202} .0267 ,0241
6.0} .297| .0457| 0251} .0715| .1660 5,8| .2a7| .ouz| .o026| .okTh] .0350
10.1| 547( .1100{-.048L| .0T13) .OTAT 9.8] .37 .o842|~-.0220] .O63T| .O32
k.0 .801p| .2116{-.1226} .o76L! 0539 13.8| .523| .1483(-.045k| .0790| .0396
18.0| 1.0111 .33911-.1T70] .082k| .03e22 17.9| .658] .2317){~.0689| .0927] .0325
1.00{=5.9 ] =. .050%| .2097| -.01k0| ~.0203 || 2.22|~5.8| ~.177| .0308] .0519| ~.004:| .003L
-1.8| -,106| .02k1| .0613] .0LkO| .OW55 ~1,7| -.053] .0160| .0328] .0087; .00TE
.21 ,001)| .0188] .ok21} .0299| .OTTS . 012| .015%| 0227t .0157| .0086
2.2 ,093} .02k1] .0322] .ouk3} .0916 2,2 . ,0183} .o1k7| .0216] .o11T
6.3 .3401} .0588{-.0110} .0708| .1035 6.3] .196} .0378|-.001k} .0366| .0136
10.2| 576 .1247}-.0528] .0945| .0909 10.3]| .320| .0751|-.0thol 05150 .on&
k.2 799 .2221|~-.1053] .1067| .0696 k3| JL37| .120h{-.0280| .0652] .o2T72
18,3 .999| »3505(-.1583} .1lhl| .035% 18.3§ .539| .1971|-.0371| .OTT2{ .0306
1.10{~6.0{ ~.34%5| .0523| .109%| ~.0138| ~.0272
~2.0| =-,115] .0239{ .0632| .0132;, .Ok32
1] -.020!| .0203] 0479} .0286) .
1.9| .067) .02u7| .0393) .OW1L| .OT3L
6.2 .302] .0550]0 0659 .0
10,1 .552{ .8k[-.0526| .0877T| .0826
ka7 21k2)-.2058 oggo| .o6Lk
18,1 .920]| .3192{-.1324| .1OTH{ .0339
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TABLE I,~ AERODYNAMIC CHARACTERISTICS WITH THE WING ON - Continued
(&) BVWC; & = 10.1°

[« [« A
M| gegl L | “ | G | % | ne M| aegl % | % | G@ | CZe | ke
0.70| =6.2|~0.310{0.0%10|0.0947 | 0.0090 | 0.0432 || 1.30|~6.0]|-0.289 [0.045T]0.1243 | 0.0125 [0.,0342
2,2} ~, L0169} .07 .0350 | .1178 -1.8} -.09L( .02k9] 0886} .0380 | .oko2
=.3[ ~.013| .OLTh{ 0605 | .Oh6G | .1222 1| =018} .02kl{ 0751 .o481L | .0536
1.7| .066} . 0632 - —— 2,01 .064| .027k| 0622 | .0588 | .0589
6.0] .275| .ou67| 0284 | 0584 | .OThS8 6.1] .270] . Q2431 LOTTT | .0
9.8! .493| .0998l-, 0623 | .0650 10.0f J4T3} J1129(~.0162 1 0947 | .0O560
13.8 .720] .1899|-.068L | .0691 | .0689 1k.1l 671 J1966(-,0616 | .1072 | 0453
17.9] .958{ .3198|-.1081| .0789 | .0683 18.2{ . .3092]-.1276 | 1109 | 0280
0.90| -6.1| -.342| .ok61L} .1186| .0101L | .0633 || 1.70{-6.2] -.235( .oko4]| .1021 | .ollk | .018T
~2,0| -.102| .0196| 0912 .0k30 | .14T3 -2,2| =,086| .0237| o784 | .0208 | .0304
21 0 .09k} 0827 ) .0590 | .1542 -.2| =,015| 0226} 0659 | .0391 | .0327
2.1 .083! .0238{ .0733| .0709 | .154T 1.8] .05T{ .02359| .0553 | .OMTT | .0358
6.0l .305| .0533} .0170{ .OTCT | .OT19 5.9} .222{ .0k93| 0278 .064L | .0kET
10.1! .552) .18|-.oMi1 | .OTT5 | 0541 9.9} 377} .0936] .0008 | .0787 | .o427
1k.2f .805| .2237]-.1141| .0831 | .O4TL 13.8] .527{ .1589-. +0930 | .0325
18.1!} 1.039! .3585{-.1883 | .0898 { .0438 i8.0l . 2 -.0531{ .10k2 | ,0218
1.00} =5.8( =34k .0512] 1464 | .0146 | .ou51 || 2.22{-5.8] ~.168{ .0311f .O0ThO | .O204 | .0128
=L.9| -.106} .0278{ .1021| .O4k6 ! ,0849 ~1.5| -.039| .0191| .054ko0 | L0243 | .0LLO
2] 0 .0230| .0805| .0581 | .0937 &) .015) 01911 .O458 | .0310 | .0126
2.3] .102] .0309{ .058% | . 0982 0956 2.3] .073] .0235] .0380] .0375| .0159
6.3] .339] .0647| 021k | . .0853 6.3] .20L] (OLHT] 0219 | 052 | 0243
10.2] .580| .1337)-.0430] .1027 | .0591 10.1 .319 L0813 .0082 | .0657 | .0319
1k.2f .799| .2328|-.0988| .1130 | .0323 14.3 .532 .1373]/-.0087{ .OT7T6| .03
18.2| 1.024%] ,3686|-.1591 | .1231 | .0LTO 18.3] . 2078 ~. 0246 | . .0298
1.10} =6.1| ~-.343[ .05%2| 1437 | .0127 | .0390
=-2,0[ ~.117| .0283| 2025| .OW18 | .0727
-.1| ~.039] .0266] .0916| .0528 | .OTT3
2,0l .065| .0303} 0691 .OG4T | .0830
6.0| .205| .0621] .0339 ] .0865 | .0767
10.0{ .537] .1263|-.036T7| .094%T | .0576
i%.1) .783| .2259]-.1088 1 .1ohk | .0323
18.0{ .938] .334%3|-.1315| .1133 ( .0L80
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TARLE I.- AERODYNAMIC CHARACTERISTICS WITH THE WING ON - Continued
(e) BVWC; & = 20.0°

@, Ly C
M| el % Cp C Cze | Che L3 e CL Cp C % | Che
0.70| ~6.3 |-0.296{0.0562| 0.1469| 0.0495|0.1234% || 1.30|=6.0]-0.280 |0.0626|0.186%|0.0539]0.065L
-2,2} -,086| .0311| .0988( .0%539| .OT67 -1.9| =.095| .obkk| .1399] 0678} .0702
-.2] -.005| .0303] .0792| .0%54| .OT65 Al -.o1k | .obk7| 1191 .OTES| .0635
1.8| .o70| .0324| .0637| .05TT| .O752 2.0| .058) .o4L8T| .0998| .0806| .0572
5.8| .260| .0564| .0278| .064T| .OT42 6.1| .261| .0756| .050T7| .089k| .0396
9.8 k79l .1109{~.012% ,0703| .0756 10.1{ ..b72| 1338 .000L| .0979] .0193
13.8| .704| .201k4|-.0509| .OT86) .06TT 14.2| .675} .2190/~.0633) 1054 .0L15
17.8] .935) .3290|~.0905| .0870) .0591 18,1 .883| .3274}~.1185| .1116] .0008
0.90}-5,9} ~.303| .0577] .1634) .0528) .1132 ||1.70}-6.2] -.218] 0542} .153k) .ouhk]| .0536
-2.0| -.087| .0349] .12b1] .063%| .0T36 -2.1; -.078} . 12 .0580| .0583
JAjo «0339} o911} . . =1 - . .1082| .0639] .0583
2,0l .08 .0o377| .O0T6L| .OTOL| .06B3 1.8 .053] o] ,0942f ,0698] .0530
6.1 .297| .06TH] .0282| .o762| .0599 5.8] .221] .0691| .0630] .0809| .ok2L
10.01 530} .1297|=.02b7} .081T] .0503 9.8 .379) 352} .0304] .oo0h| .o22h
bt .78 W23h7|-.005% =-- -— 13.9] .52h| .1802]-.0102| .096%] .0109
18.1| 1.019| .3706{-.1666| .0951| .0363 17.9] .6i9| .2619(-.0k37| .l045]-.00kE
1.00(-5.8] -.335| .0725| .2182| .0629; .0tk ||2.22|-5.7 -.145| .0426] .1ikT| .0389| .0302
1.7} - LOht2l J15380 0773 L0815 =L.7| -.031] .03kk| .0960) .0507| 035k
3| .00T{ .Ok62! .11T71] .0829| .0TO6 .3] .023] .0360} .085%1| .0559} .
2,2 .103| .okgg| .0884| .o8kg| .0334 2.2| .083| .0k05| .0751] .0613] 0438
6.3] .327| .0825| .0358| .09h9| .0339 6.3] .211| .0640] 0546 .om2] .
10.2] .56%| .1506{-.0226}f .1071| .02u43 10.3f .329| .10%0| .035L| .0797| .ohoOL
14,30 .792] 289T(-.0892| .1103| .0166 1k.3| k38| 2590 .0153| .0880| 0268
18.2| .990| .3753([-.1502| .1134| 0090 18.3] .538| .2279{-.0055| .0946| .0107
1.10{~6.0| ~.334] .0738] .2125| .0608| .0863
-2,0| ~.12k} .0503} .1659] 0754 .OTh6E
A =.023] Ob7T| .1322] LO7TT6! .O6%L
2.0} .069| .0518] .1028| .0803| .052L
6.1] .311) .0853] .0325] .0911] .0325
10.0| .5k2} 1k89)-.0262| .1015| .0212
4.1 .779| «2438]-.1064] .1030| .0128
18.1| .950| .3%65}-.1320| .1072| .0080




TABLE I,- AERODYNAMIC CHARACTERISTICS WITH THE WING ON - Concluded

(£) BW

a, <, &y @y

-6.3 0,37 .03 l0.0783 || 1.00|-5.9 |-0,338 [0.0483 P, 1187 |} 1.30] 6.1 1-0.286 P.ohoo 0,102k § 2.22{-5.81-0.173]0.02740.0558
4.3 | -,200{ .0206] .0503 -3.8 | -.212] 0253 076 40| -.105| .0236| .0660 -3.8{ ~.214 .0177| .0368
-2.3| -.099| 01L7| .025T ~1,8 | -.094| 0191 .033% -2.0| -.086| .0150| .0312 -1.7| -.050} .0122| .0L64
-.8|-.080].,0095| .0034 -.3| -.021] ,01i5| 0089 -.5] -.024] .0131] .0086 -.2| ~.006] .0109] .p0RT
-.3 --018 | 20087/ 008k 2| 010} ,0172]-,0002 -1} 0 .0130| .00LT .3 .009| .0109|-.0007
21 .00k} 00911 .o0kh 71«03 0147 (-, 0080 Sl -018| .013Ll-.0045 71 .oeki .0111{-.0061
1.7| J065{ .0101|-,0100 2.1| 10| .01 |-.0348 2.0 .o89| .0154(-.0204 2.2{ .070| .0L31|-.0215
3.71 .162| 0165 |-.0343 41| .233| 0346 |-.0763 3.9| .183( .0229|-.0628 h2{ .130| .0195]-.0ki2
5.7| .26%] .0305{-.0589 6.2 048G |-.118) 6.0} .282| .038%|-.0081 6.2| -187} .0298)- 0398
7.8 [ .376] .0334|-.0870 8.2] 7Ll .0799]-.1995 8.0| .3T9] .0612(-.1308 8.3| .24x| .oMk3|-.07m
9.8 | .u8g| .08l |- 1131 10.2| 5841 .150(-.1982 10.0| .h751 .0906(-.1643 10.2| .297| .0615]-.0934
1.7 J602] .1229[-.1k03 12,14 .695| .,1589}-.2350 12,0| .564] .1253(-.1958 12.2| .351| .0834|-.1097
13.7| 7151 -1700[-.1876 .21 .19/ 2007|2736 13.9| -653] -1699|~.2879 1h.g! Jh06| .1091]-.1243
15.7| .Beg] .22%591-.1933 15.2] L9061 .2707 |--3110 16.0] T38| .21321-.2967 16.2] .463] .13991-.1392
1T.7| 934 | .2881 |-, 2160 18.2] 9971 3351 [ 18.0( .820| .2662|..2852 18,2 .51h| -174T|-.1541
6.0 -.396| .0399{ .0937 || 1.10|-6.0| -.322| 0459 | ,116L || 1.T0| 6.3 | ~.236{ 0357 .0400

-h,0 | -.206 | .0211] 0587 4.0 -.203] 0217] 0T .3 -.162( .0229] 0261

-2.0 | -.097] .0L19] .0232 2,0] -.088] LOLTT| .03T 2.2} -.0m8| .o147| 0173

-5 | -.03L( .0096] ,ql2t -51 ~.018] .0153]| .0099 -8 -.027| .0126] 0145

o |-.010(.009%] 0oOTL 0 007 | 0156 | ,0022 -.2| -.007| .0123{ .0136

2] .085].016500 .5 .028] 0157 |-.0048 3| .o12| .o .0138

2.0 .084%| .0108|-.c169 2.0| .106| .0179 |-.0310 1.8| .068| .0141| .OLNT

4.0 .190) .0202)-,0LET Lo| .26} .0282]-.0T4 3.8 .1bb| . L0198

6,0 .305| .037L|-.0T% 6.0 P 0453 -.130 5.8| .219| -0319] .0304

8.0 | .u36| .0657|-.1208 8.0 52 | L0725 |-.1572 7.81 -294| -ohgh| ,0hGk

10,0 | .556 | -1008|-.1582 1.0} 555 | -1052]-,186% 9.8 .0T3L| 0673

12.0 | -683 | 1876 (-.2004 11.6 | -638] 1427 .21k 11.8| .432| 0974} 0929

1h.0{ .80k | ,2018 |- 2b37 ih,0! 5L -1956F2596 13.7| 49871 .127H .17

16.0 | 936 | 2699 |~ 2917 16.0f -843| 299} 2035 15.81 .567| .16%6] 157k
18.0 | .933 | .3039(-.2681 18.0( .933| .33k} 17.8| .632| .209k] 1970
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TABLE IT,- AFRODYNAMIC CHARACTERISTICS WITH THE WING OFF

(a) BY
@ (¢4 &£ a
M| goal & | @ | Ca U |ge| & | % | G M|aex! & | % | G Mlag | L | @ | Cnm
0.70| =6.3|=0,007]0.0068(~0. 0122 || 1.00|~%.8}-0.008(0.0095|-0.0129 || 1.30] -6.0 [~0.010]0.0099 |~0.0018 || 2.22| -5.7 [0.016|0.0092 |~0.0090
“k,30 =003 JOQBL] -, ~3.8{ ~=,007| .0089| ~.0085 ~k.0( ~.005| .0088( -.0087 -3,6 | -.010| .008L[ ~.
-£.2| -, L0060] -, ~1.8| -.007| .0086| -.00k0 ~1.9]| =, 0084 | ~. 0047 <1.T i =.007| 0073 ~.0016
-7l 0 L0057 ~,0018 -.3! =.003] .0073] ~.00Lk =510 L0082 -.0017 -2 | ~002{ 0070 .0005
~2) 001 .00%7| -.0009 L[ =001 .0075| ~.0007 0 L00L| 0082 [ -.0005 .3 | -.003] 0070 .0020
.3| .o002| .0085| .000L .8 =001 . 0013 6| .001| .0081| L0003 ,8|-.000] .00T0| .0032
1.7 '8313; L0055] L0038 2,21 0 L0070  .0033 2,0 .oo4| .0073| .0035 221 ,000| .D0GG| .0056
3.8| . L0057 .00T9 4,31 .003| 0073 .0093 k1| .co7| .008L| .0078 4.3 | .005| 0080 .0099
5.7 007 .0086] .auxy 6.2 ,005| .00TH{ .0L33 6.0 .008| 008 .5 6.3 .011| .0080( .0)33
7.8 .01 .com2| 1M 8.2| .010| .0089| .onEQ 8.0 .013| .0093| .0LLB 8.3 .or7| 00931 .OL6%
9.8} .015] .0076] .018R 10.2] .013] .0097] .0203 10.1) .019) .0107) L0184 10.3) .0e8! ,ang9| .0196
1.8 .021| ,0083 .o21B 12,31 .o J0092) .o2hL 12.0| .027| .0130| .oe2i 12.3| OL| .57 L0221
13.8 .029! .o100| 0850 12| .0e6] o120 .0280 b2 035 .0l62| .026L 14,3 .0o38( 0223 L0857
15.8 .gas .26 L0287 16.3 .gﬁ& L0154 .0380 16,1 .CbT .0139 .0303 16.5 | .oms| .0289f .0298
17.9| .043| .01%9| .0335 18.3| .ob7| .0191| .0369 18,1 .059| .oebT| L0347 18.% | .093| .o372| .033%
0.90(=5.0| ~,008( .0069| =.002% {| 1.10[=6.1 ~.023| .0132| -.0108 [|2.22|~%,7| -.016] 0022 | ~,
-359 -.mll- . hat' 3 X "3-9 ~.010] .q1g2 ".00"{1 "'3.6 e .m&l ™
=1.9] 0 L0060| -.0050 -1.9| ~.006] .0109| ~.0032 -L.7| -.007| 0073 | -.0016
-5 .001| .0057| -.0020 =5 -, L0111  .0003 “2| = L0070 L0005
L .00l L0053 -.0003 Jdf -, L0106 0005 3 J00T0 [ .0C20
-5 002 . .00011» .5 e .01.03 -001.7 o8 = .0070 0&32
2.0 .003] .0053] .0038 2.0l ¢ 0101] .0036 2,21 ,o0l] .0088) .00S6
h.1| 005 Joosh| .ooB2 bl o .000| 0095 L.3} .005) .0089] .0099
6.0| .009| 0058 .011% 6.0/ .003} 0101 .0135 6.3] .orL| .o0B0| .0133
8.0 .012| .0065; .0L%2 8.1| .008} .0w7| -0163 8.3 .oL7| .0093| .016%
0.1 .o1p| .00T8| o008 10.1| .02} .on17| .og8 10.3| .028| .o119( .
12,1 .02% .0001| .0R1% 2.0 .02 01]3;0 0227 12,3 .OkL{ .0L57( .0PPL
k1| 031 .0117| 0256 o .029] Jook7| .c26k 1&2 +058| 0213 | 0257
16,1 .038) .o1so] . 16.2 .337 L0183 .0309 16. 075 0280 ) L0208
18.1] .oh8 .on76] .o3k2 18.1| .o47| L0219 .0348 18,4 | .093| .0372| .0339
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TABLE IT.- AFRODYNAMIC CHARACTERISTICS WITE THE WING OFF - Contlnued
(b) BVC; & = 0O°

@ «, Oy o,
Mlgofom |G | G || mlgzie 1o f G || Higel % | D | G Ml goal % | O | Ca
0.70| -6.1|-0.053 |0.0116)-0.0639 || 2.00~5.7|~0.060 |0.0156 |~0.0722 || 1.30{ ~5.8(~0.0510,0168(-0.0629 || 2.22 ~5.7|~0.037|0.0127 |-0.0373
-4 ~,032( .009L| ~.0M16 -3,7| -.039| .0L04%| ~.0458 ~3,8( =,033| .0131| ~. ~3.6| ~.025 .oL0h| -.0230
«2,1| «,015| .00T2| -.0205 -1.7| -.017) 0105 -.0213 -2,0| -.018| .01} -.0228 -1 7| =~.01% .0086] -.
-1.0| -.005| .0068] ~-.009C -] -.003] o094} -.0032 -4 -,003] .0106] ~. -.1] -.004 .0083| -,000L
-.2| ~-,001| .0066| -.0012 2] -, L0102 | .0006 0 |0 L0105| ~.0025 4 -.001 .o0B2| .0032
.3 .002| .0065] .0033 8| .00kl .0109| .0OTT S8 .00%| 0106 .00B3 9| .003| 0083 .00E5
1.61 .01k| .c069| .016L g.2| .ou7| .oxe2| .02k 2,1 018 o135 .o1g2 2,3 .o10| .0086| 0155
3.7| .031| .0083 .0377 42| .037| .oma7| .0483 h.1| .037| .0129] .oug2 L3 .oee| L0097 | .0291
5.7| .0%0| .oL0%| .059T 6.2 . 0158| .oT4O 6,0 .o54| .015%| -0ALk 6.3 333 012k | L0425
T.6| .068| .01h5| .oflh 8.1| .o .0188| .0962 7.9 .069| .C0g9| .08L5 8.1 . 0155 L0551
9,6| .085| .0197] .0987 10.1] .097| .0WT| L1187 9.8! .085| .0251] L1001 10.2| .059| .0%0%| .06B6
1.7| .001| L0247 JLOET 12.0| .113[ .0310| .1388 .9{ .lo2| .0322| .18 12.1| .083| .cee| .odol
13.5| .094| .0R85| L1111 1k.0| .129| . oﬂeo 1593 13.8] .a17| .0397| .13m k1| L104[ L0369 0919
15.61 1031 o3l L1161 15.9| 145 JOMT5) .1T8Y 15,8 132! .ou83| kg 16,0 .126 82& 1040
1.4 211 L0399 L1287 17.9| .54 Jo59L] L1896 17.8| .149| .0585| .1626 18.0| .150| .0H LTS
0.90| =5.8| ~. ,0121| -.0726 || 1.10]-5.9| -.059] .010% | -.0676 || 1.70{~6.0{ ~.Okk| .Q153| -.050L
-3.8| ~.035| .O0BT| .0 -3.5| ~.0%0| 0161 | ~.0428 4.1 -.029| .0126| =-.0338
-1.9] -.0153| .0O7T| ~.021 -1.9| -.020( .0139| -.CR1Q «2,1| -,006| .0007{ ~.0067
-4 -.0c2| ,0069| -.004T -4 ~.004]| L0127 | -.0036 -5 =.005| 0099 -.0029
0 ool| .cotel| ~.0010 ¢ | -.003] .a136| -.000L -.2| ~.co1] .oo99| ~.0003
.7l .007| .00T0 .0055 6 .002) .o13k| .o066 | 002 .0098] .oohk
2,0/ .019| ,0073| .0199 2.1 .m6| .0135| .023L 1.9| .013| .0103{ .0068
3.7 .036| .0085| .o0M13 hoo| .038| .0137| .046 3.9| .028| .q18] .o3ko
6.1| .o6e} .0123) .oThL 6.0| .096| .0187| .0688 57 .oM1| .cak3| o502
748 ofe| .0170| L0956 7.9 73 GE%E 0888 7.7 056 .18 .0672
9.8] .099| .c227| .11T2 9.9 .087| . 1101 .71 072 .0230| .083%
.ol 17| 0301 L1338 1.8 .103 .w J1297 1.7] .0o87! .0293] .og991
13.9] .115| .0343] .1328 13.8] .119{ .0b23 .11?0 13.6] .10k] .0367T| 1130
15.8] .123( .0M0O| .2b0L 15.8] .135| .0519| .1639 15,6 .123| .o464| 1258
7.7 .132| o%T0] J1470 17.7| .1k6| .0599| 162 17.5| .145] .058c| .1369

't
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TABLE II.~ AERODYNAMIC CHARACTERISTICS WITH THE WING OFF - Conmtinued
(c¢) BVC; & = 4,70

oy Dy Oy

Cp Om M| geg Cr, Cp Cm M| geg Cr, ] Cr, M1 aeg Oy,
0.0089{ ~0.0277 || 1,001 =5.6|~0.025(0.0105 [-0.0273 || 1.30|~5.9!~0.026]0.0128|~0.0288 || 2.22(-5.7[~0.023
L007L] .00B0 ~L.7| .016| .0088| .o13% -2,0| .012] .aL12) .0L05 -1.7| .00k
L0076 L0225 -2 .033] .0132( .0307 .1/ .031| .0127| .0313 g .| .
.00T9| .0B78 3] .obo| .0208| .038% 2,1| .chkg| .C151| .0521 2.4 031
.010L| .0513 2.21 .058] .0159| .0630 6.1] .083| .c242| .0925 6.0 .ok

5.7 L0186 6.2 .100| .0232| .10% 9.9] .12| .0366| .1262 10.2| .083

9.6 028, 10.1] .13%] .0381] .1478 13.8| .1M] .0530| .1566 .3 .12k

13.5 0380 .1123 k0| 60| J0%e6| .17L8 17.8] .168] .07ho| 1807 17.9] .166

17.6 os1e|  .1303 17.9] .178| .o705| .1881

"5-8 lm$ "'.(239 1.104 "5-8 = lOl,E "'.0265 ll70 "6-1 "'-026 -0126 e

~1.9 L0076 0097 -2,1| 013/ .0138 .ono07 2.1 .010! .a104 ,0092

0 0085 .0339 1| .036) .0133| .0359 -.2| .o022| .0119] .O0RAL

2,1 L5 0616 2.1 .o%7 0186 1.9| .038| .0dko| .O%30

6.1 .0206( 1078 6.0l .oou ,o@m8| . 5.8 ,066| .omk| o739

9.9 0313 1189 9.8| .22 .oboT| .1376 96| 094 0325 1057

13.8 L0430  .1363 13,8) .145| 0599 L1673 13.7] .129] .0k93( 1345

7.7 0594 L1565 1T.7| .163| .OT33| .1797 1T.5| .162| .0m13| .1536
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TABIE IT.- AERODYRAMIC CHARACTERISTICS WITH THEE WING OFF - Continued
(d) BVC; © = 10.1°

oy o, Ty o
M 0, Op Ca M| gag L Op Cn M aeg Cy, Cp Cm M d.eé 0y,
0.70[-6.1| ¢.001(0.0076{0.0025 |{1.00|~5.7| 0.010{0.0105[0.0080 {| 1.30} -5.9| 0.00%]0.0127[0.0068 || 2.22 [-5.5 -0.002
~2,2| .038( .0108| .0433 ~1.7| .ok9| .o1k3| 0579 -2.0| .ob1| .59 .0%63 L7 .03
-2 054 .0143| .063: .2( 068 .0188] .o792 A .056| L0195 L0660 3| 034 .
1.8| .o67| .on82| . e.2( ,086 .0238| .1000 2.1] .o13| .c241| .0846 2.3] JOWT
5.7 -078] .0250| 0897 6.1| .123| .0369| .1391 6.0 .102| .03%0| .2076 6.2 .omL
9.6{ .o9k .03133 1091 10.1| .135| .04T9| 1393 2.9 . olo8| 1501 10.1] .095
13.5| 12| . . 14.1| .153] 0639 .1823 13.8] .148| .0657| .17h2 14,0 127
17.5( 134 .0605| .1h31 17.9| .170! .0801| .1999 17.71 .163] .0832F .1860 18.0l .167( .
0.90|~5.8] .006] .0082| .0056 |{1.10[-5.9] .005| .0152| .0080 || 1,70} ~6.0| O L0125( 0065
~1.9( .oko} .q12k| 056k ~1.9| .04 .0193| .0537 -2.1| .030| .Q1hg} .0386
1| .068| .0166| .0798 A 061 L0209 o7k -.2| .obk| .o176
2.1 .o84 .0226| .0980 2.0| .ot7| .0277| 0937 1.9| .098| .c216] .0708
6.0| .093| .o2ge| .1062 5.9 .110{ .c4c2| .1301 5.8] .084| .0315] .0997
9.9] .113| .0396| L1267 9.9| .1e3| .o0517| 1513 9, 7| .108| .oMkl} .1286
13.8] .132| .0923| .1h5 13.8) .141| .0665| .17h0 13.6| .133| .0617| .1537
17.71 -151| .0688| .16 17.7] 161 08sh| .190% 17.6] .163] .0839} .1716

ot
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TABLE II.- AERODYNAMIC CHARACTERISTICS WITH THE WING OFF - Concluded
(e) BVC; 8 = 20.0°

ILe.

[+ 1 & o
M ang| % | @ | Cn f| M|oes O] O | G | Mo G| o | G || w|lgm| | o |
0.70| -6.1(0.0520.018910,0562 | 1.,00{ -5.51 0.06810.0275( 0.0799 || 1..30|-5.8/0.0550.02k7|0.0630 |f 2.22(~5.51 0,032 0.0200 0. 0kk3
-2.2] .068| .0231| 0677 =17 .09% .0361] .117e ~1.9] .081] .0339| 0oLk =1.7T| .056| .0259| .o682
-1l .066| .cm66( .07k 3| 101 oho?A 1242 A 093] L0394 .1088 k] .066] .0305| .0808
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(a) Dimensional sketch of complete model,

Tigure 1,- Model details and dimensions.
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Figure 1.- Concluded.
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Figure 3.- Variation of canard normal-force and hinge-moment cocefficients
as a function of angle of attack at constant canard deflectlon angles.
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